Epidemiology {#sec1}
============

Antinuclear antibodies (ANA) are present not only in patients with connective tissue diseases (CTD) but also in healthy people. Recently, there is a hypothesis that the prevalence of ANA in the general population may be associated with immune disorders characteristic of a given species. The confirmation of this supposition is the fact that the process of autoimmunity occurs more often in humans than in animals \[[@cit0001]\]. The percentage of the population with ANA is approximately 25% by using indirect immunofluorescence microscopy performed on HEp-2 cells (IIFA on HEp-2 or HEp-2000) \[[@cit0002]\]. This method is the reference method for ANA screening (gold standard) \[[@cit0002], [@cit0003]\]. According to some reports, using IIFA, ANA in low counts may appear in up to 40% of healthy people \[[@cit0004]\]. Moreover, patients with CTD, such as systemic lupus erythematosus, scleroderma and dermatomyositis, are also frequently ANA positive \[[@cit0003], [@cit0005], [@cit0006]\]. Commonly positive antibody values may result from the high sensitivity of the methods used, which allows their presence to be confirmed already in the case of low counts and the presence of low luminescence during immunofluorescence \[[@cit0007]\].

Even though ANA has very high sensitivity, its specificity is quite low \[[@cit0006]\]. In order to avoid overdiagnosis of autoimmune diseases, most laboratories set the upper limit as the cut-off point for positive results \[[@cit0008]\]. Thus, the quantification of antibodies is carried out by successive dilutions of the examined serum, which makes it possible to determine their count. In clinical practice, the count means such dilution of the serum when they are still detectable. Since all systemic lupus erythematosus (SLE) patients are ANA positive, ANA testing by IIFA is an excellent screening tool, which is very useful in diagnosis of this disease \[[@cit0009]\]. According to the American College of Rheumatology (ACR) and the European League Against Rheumatism (EULAR) one of the criteria of SLE is positive ANA at a titer of 1 : 80 or greater \[[@cit0010]\].

The incidence of a significantly elevated ANA level in the general population is 2.5% \[[@cit0002]\]. Most people with a positive ANA count are not diagnosed with autoimmune disease, and the probability of future disease is low. This is supported by the fact that autoimmune diseases occur in the general population with a frequency of 5 to 7% \[[@cit0011]\] and the occurrence of SLE does not exceed 0.1% of the general population \[[@cit0012]\]. Thus, positive ANA should not encourage extensive diagnosis of CTD in healthy subjects without clinical signs. Moreover, the presence of ANA in the human population suggests that antinuclear antibodies may be an important component of the normal immune response. On the other hand, it is worth remembering that the presence of antibodies may be noted in the serum many years before the diagnosis of autoimmune disease. This is the case of SLE and Sjögren's syndrome, where ANA are present even for many years before the onset of the first symptoms of the disease \[[@cit0013], [@cit0014]\]. Thus, it is also true that subjects who are in preclinical SLE stages are represented in the ANA positive healthy population and the measurement of these antibodies often enables quick diagnosis of this pathology \[[@cit0015]\].

Bearing in mind that antinuclear antibodies can be present in healthy subjects as well as those with non-rheumatic diseases, the monitoring of their amount and further rheumatologic diagnosis should be mentioned only in case of clinical symptoms. The presence of ANA without signs of CTD does not require periodic rheumatic check-ups. Many studies show that ANA-positive subjects in the general population do not have an autoimmune disease and are unlikely to develop one in the future \[[@cit0006], [@cit0009], [@cit0010], [@cit0015]\].

Methods for antinuclear antibody determination {#sec2}
==============================================

The antinuclear antibody count can be determined using various methods ([Fig. 1](#f0001){ref-type="fig"}). As mentioned above, the gold and recommended standard in the immunological diagnosis of systemic CTD is IIFA \[[@cit0003]\] based on the reaction of antigens with fluorescently labeled specific antibodies. At the site of labeled antibody binding to the antigen, characteristic illumination is observed in a fluorescence microscope equipped with a lamp emitting UV radiation using a marker. This method allows one to demonstrate multiple ANA that react with various antigens. For this reason, IIFA is used as a preliminary study to assess the presence of autoantibodies \[[@cit0016]\]. This method is time-consuming and requires experienced personnel. False positive results in immunofluorescence tests most often result from non-specific adsorption of antibodies and the presence of several related antigens with similar epitopes \[[@cit0017]\]. The count of ANA measured by the IIFA method in the liver in healthy subjects is 1/20, and in 1% of subjects it can reach 1/160. Also, the prevalence of ANA is higher among females, African Americans, latent infections, inflammatory liver diseases, some medications and older individuals \[[@cit0016], [@cit0018]--[@cit0021]\]. Aging is associated with development of autoimmunity and higher ANA prevalence, which can be explained by loss of B cell tolerance with age \[[@cit0022], [@cit0023]\]. The study of van der Geest et al. \[[@cit0022]\] showed that pro-inflammatory B cells capable of producing TNF-α were retained in the elderly, whereas B cells capable of IL-10 production were decreased in old subjects \[[@cit0022]\]. Some studies confirmed the association of autoimmunity and higher prevalence of ANA in older people \[[@cit0020], [@cit0021]\], while other observations do show such a relation \[[@cit0024], [@cit0025]\].
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Increased age and the presence of some CTD is strongly associated with cancer risk overall. For example, the presence of anti-RNA polymerase III is an independent marker of coincident cancer and scleroderma at any age. Such an association is also observed in patients with anti-topoisomerase I antibodies \[[@cit0026]\].

If the type of fluorescent spot is found or if no ANA is present and clinical symptoms suggest a systemic CTD, the presence of extractable nuclear antigen antibodies (ENA) should be determined. The enzyme-linked immunosorbent assay (ELISA), double gel diffusion and immunoblot methods are used for this purpose \[[@cit0016]\].

Immunoenzymatic methods, i.e., ELISA tests, allow qualitative and quantitative determination of antibodies in all classes of immunoglobulins. They can be used to evaluate the dynamics of anti-DNA antibodies in the course of the therapy of SLE \[[@cit0003], [@cit0027]\]. ELISA tests are characterized by simple, but time-consuming execution. They have high sensitivity and specificity due to the use of highly purified antigens on solid media (solid phase) and the use of labeled antigens for detection, combined with a substance whose amount or activity can be measured. The advantage of ELISA tests is the elimination of the subjective factor during the determination \[[@cit0017], [@cit0028]\]. The disadvantage of this method is the presence of minimal contamination with additional antigens that cause false positive results \[[@cit0017]\].

Both antibodies and antigens have the ability to diffuse into an agar or agarose gel. The double immunodiffusion method allows evaluation of the diffusion of the examined serum and the extract of tissue rich in nuclear material, which is the source of antigens in the agarose gel. An antigen-antibody complex is formed at the meeting point of the antigen and the antibody specific for it. The resulting complexes are precipitated and are visible in the form of white lines. The lines of the examined sera are compared to the reference lines containing the antibody. It is a time-consuming method and requires a lot of experience in the interpretation of results, yet it is used due to its simple implementation. It is characterized by high specificity due to the use of non-denatured antigens, but its sensitivity is lower compared to ELISA tests \[[@cit0017], [@cit0028]\].

The development of new diagnostic technologies has contributed to the introduction of multiplex methods, automated to various degrees and capable of simultaneously measuring numerous antinuclear antibodies. They are often equipped with expert programs in the field of digital image analysis. Automation of the IIFA method can significantly improve the standardization of ANA determination and help to reduce intra-laboratory variability \[[@cit0029]\]. On the other hand, it should be taken into account that ANAs are molecules with a high charge and can bind to other charged molecules in so-called cross reactions. Therefore, multiplex tests and the solid phase method may give a distorted picture of seropositivity in relation to currently used methods. Older methods, i.e., the immunodiffusion method, require a high concentration of antibodies, and hence they are not very sensitive \[[@cit0007]\]. In turn, multiplex tests and solid phase tests are sensitive and allow for high throughput, but their interpretation requires caution in the case of preclinical and subclinical disease in which the measured responses may be low, which is why immunofluorescence ANA tests should remain the gold standard for ANA testing \[[@cit0030], [@cit0031]\].

Female gender and antinuclear antibody count {#sec3}
============================================

Antinuclear antibody counts are higher in women and increase with age \[[@cit0032]\]. Sex hormones (especially estrogens) play a significant role in the development of autoimmune diseases and predispose the female sex to more frequent occurrence of these diseases \[[@cit0033]\]. Estrogens induce an immune response towards T-helper 2 lymphocytes and interact through receptors found on many cells of the immune system. Their effect depends on local concentration and inflammation \[[@cit0034], [@cit0035]\]. The genetic factor also plays an important role. Gene products located on a not fully inactivated X chromosome can avoid presentation in the thymus and cause a break in immune tolerance \[[@cit0036]\].

It is worth taking into account the fact that pregnancy may induce the appearance of ANA in healthy women \[[@cit0016]\]. During the course of pregnancy, extensive exposure to nuclear antigens may occur. In addition, there is an increase in inflammatory activity that may also affect the immune response \[[@cit0037], [@cit0038]\].

Regulation at the gene level and antinuclear antibody count {#sec4}
===========================================================

Another interesting observation is the determination of the ANA relationship not only with female sex, but also with a certain demographic dependency. In a study conducted by Li et al. \[[@cit0039]\], the highest counts were found in non-Hispanic women. At the same time, it was noted that in the case of Afro-American women and men, the ANA counts were higher than in non-Afro-Americans. Furthermore, the presence of the TGM2 gene that is responsible for transglutaminase-2 and the incidence of celiac disease were noted in healthy individuals with high ANA counts \[[@cit0039]\].

Important information was also provided by a study determining the presence of anti-DSF 70 antibodies (dense fine speckled antigen) \[[@cit0024], [@cit0040]\]. The DSF70 antigen is the most recognizable antigen to which antinuclear antibodies react. They occur mainly in people with allergic diseases (AD) and are not associated with autoimmune diseases \[[@cit0041], [@cit0042]\]. A study conducted among Social Insurance Chukyo Hospital employees aimed to determine the prevalence of anti-DSF70 in a group of healthy people \[[@cit0024]\]. The presence of positive ANA was confirmed in 20% of people in the analyzed group, and anti-DSF70 antibodies were detected in more than half of this group (54%). Anti-DSF70 was more frequent in women (86%). Although the presence of anti-DSF70 is rare in patients with autoimmune diseases, the screening stage can exclude people who will not develop such diseases \[[@cit0024]\]. This fact was confirmed by a study conducted by Brazilian researchers. The speckled luminescence characteristic of anti-DSF70 was diagnosed only in a group of healthy people who did not develop any CTD 4 years after the end of the study \[[@cit0018]\].

Xenobiotics and antinuclear antibody presence {#sec5}
=============================================

There are scientific reports confirming an effect of some drugs on autoimmunity development. These include gold salts, sulfasalazine, intravenous immunoglobulins and TNF-α blockers (infliximab) as well as procainamide, which can induce ANA production \[[@cit0016]\]. In addition to drugs, the development of autoimmunity is affected by other environmental factors such as tobacco smoke, silica and various chemicals \[[@cit0043]\]. The latter group includes polychlorinated biphenyls and hexachlorobenzene \[[@cit0044], [@cit0045]\]. Persistent organic pollutants (POPs) can also cause hormonal imbalance, leading to an increase in ANA in healthy people and the development of SLE \[[@cit0046]\]. An effect of benzene, asbestos and mercury on the presence of ANA has also been proven \[[@cit0047]--[@cit0049]\].

The serum of a group of healthy volunteers was tested as part of the National Health and Nutrition Examination Survey (NHANES). Based on the data collected in the years 1999--2004, there was a correlation between an increased concentration of triclosan in men and positive ANA \[[@cit0050]\]. Triclosan belongs to the group of phenols and is a germicide, commonly used in antibacterial soaps and toothpastes \[[@cit0051]\]. The direct mechanism responsible for the relationship between the presence of elevated triclosan concentration in the urine of men with the presence of elevated ANA is not known. One hypothesis indicates the stimulation of T lymphocytes as the cause of autoimmune diseases associated with exposure to environmental factors \[[@cit0052]\]. In turn, the study carried out by Dinse et al. did not confirm previous reports about the relationship between positive ANA and mercury concentration in the blood. Nevertheless, the influence of mercury on the development of autoimmunity cannot be excluded \[[@cit0050], [@cit0053]\].

In turn, the study conducted by Slight-Webb et al. \[[@cit0054]\] evaluated the coexistence of ANA with proinflammatory cytokines. In this study, serum of healthy subjects without the presence of ANA, in healthy subjects with the presence of ANA and in patients with SLE, was analyzed. Levels of the majority of proinflammatory cytokines, i.e., interferon-γ (IFN-γ), tumor necrosis factor (TNF), interleukin-17 (IL-17) and granulocyte colony-stimulating factor (GCS), were the highest in patients with SLE, lower in healthy ANA-positive individuals and the lowest in those without ANA. Interferons (INFs), IL-12p40 and stem cell factor/c-Kit ligand have been shown to be elevated in patients with SLE compared to healthy individuals with ANA. In turn, B lymphocyte stimulator (BLyS) is significantly higher in SLE patients and lower in healthy subjects with positive ANA \[[@cit0054]\].

Vitamin D and antinuclear antibody presence {#sec6}
===========================================

Numerous scientific reports confirm that vitamin D deficiencies are associated with some autoimmune diseases -- including SLE \[[@cit0055]\]. In addition, observations on mouse models have proven that supplementation with vitamin D leads to a reduction in symptoms in the course of lupus \[[@cit0056]\]. Vitamin D stimulates the production of B lymphocytes and immunoglobulins. Immune cells contain receptors for vitamin D and convert it to the active form \[[@cit0057]\], which stimulates Toll-like receptors (TLRs) responsible for increased activity of interferon-α (IFN-α) in patients with SLE \[[@cit0058]\]. Bearing in mind the above data, researchers from Helsinki compared the concentration of vitamin D in ANA-negative people, healthy people with ANA and patients with SLE. The relationship between vitamin D and B lymphocyte activation, antibody production and IFN-α activity in the analyzed groups was also evaluated. The results clearly indicate that vitamin D deficiencies occur mainly in healthy subjects with positive ANA and patients with SLE, which may be associated with a greater tendency to autoimmunity \[[@cit0059]\].

Conclusions {#sec7}
===========

Determination of antinuclear antibody count and profile facilitates the diagnosis of CTD. However, it is worth remembering that ANA are often present in healthy people who will not develop autoimmune disease. Due to this fact, the positive ANA result alone has no diagnostic value. Nonetheless, supported by an appropriate medical history, it makes it possible to make an accurate diagnosis. However, considering the fact of quite frequent prevalence of ANA in the general population, its positive titer without clinical symptoms should not be the reason for prolonging diagnosis of CTD. Nevertheless, the patient should be informed that in the case of occurrence of clinical symptoms they should consult the physician. In summary, it is worth noting that the ANA assay is helpful in the diagnosis of rheumatic diseases, although their occurrence frequently is not synonymous with the diagnosis of CTD ([Fig. 2](#f0002){ref-type="fig"}).
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